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(57) ABSTRACT 

The present invention relates to the use of search fusion 
methods for querying multimedia databases and more spe 
ci?cally to a method and system for constructing a multi 
modal query of a multimedia repository by forming multiple 
uni-modal searches and explicitly selecting fusion methods 
for combining their results. The present invention also 
relates to the integration of search methods for content 
based retrieval, model-based retrieval, text-based retrieval, 
and metadata search, and the use of graphical user interfaces 
alloWing the user to form queries fusing these search meth 
ods. 

Query - 
—> —->, . 

l 0 5 Processor 1 O 7 Engine 

1 0 6 I 



Patent Application Publication Dec. 30, 2004 Sheet 1 0f 8 

' 1 0 0 

User v 
v —> 

lntretface _ l 0 5 

l 0 1 
Query 

Processor 

109 

107 

106 

multimedia - 

i'ndex 

FIG. 1 

102' . 

Retrieval 
Engine 

US 2004/0267774 A1 



Patent Application Publication Dec. 30, 2004 Sheet 2 0f 8 US 2004/0267774 A1 

Matching 

208 I I ' 204 

Multlmedla 
Match Scoring 

Index . . 

_ 205 

<—- Ranking 

‘— 

' Multimedia 

repository 

FIG. 2 



Patent Application Publication Dec. 30, 2004 Sheet 3 0f 8 US 2004/0267774 A1 

Select 
_ 303 

A 

cbr tbr 

mbr Search > View > 

300 302 
A 

307 

‘FIG.3 



Patent Application Publication Dec. 30, 2004 Sheet 4 0f 8 

404 

4.00 ' 

Search 1_ 

_405 

Search 2 

Results 409 ' 

406 

FIG. 4 

Search 3 

US 2004/0267774 A1 

401 

v403 ‘ 

Search_,N 





Patent Application Publication Dec. 30, 2004 Sheet 6 0f 8 US 2004/0267774 A1 

Search —> Normalize 

Search .—> Normalize 

Query ' Fuse 

'Search —->- Normalize 

600 601 602 603 

FIG. 6 



Patent Application Publication Dec. 30, 2004 Sheet 7 0f 8 

.Query .-.> 
700 

701 

Search 

Search 

702 

US 2004/0267774 A1 

—> Normalize__ 

—> ‘Normalize -4> .Fuse- —-> Normalize 

'Search,—>' Normalize -—> Fuse 

4703 + 

Results 

704 

I FIG.7 



Patent Application Publication Dec. 30, 2004 Sheet 8 0f 8 US 2004/0267774 A1 

800 

FIG. 8 



US 2004/0267774 A1 

MULTI-MODAL FUSION IN CONTENT-BASED 
RETRIEVAL 

FIELD OF THE INVENTION 

[0001] The present invention relates to the use of search 
fusion methods for querying multimedia databases and more 
speci?cally to a method and system for constructing a 
multi-modal query of a multimedia repository by forming 
multiple uni-modal searches and explicitly selecting fusion 
methods for combining their results. The present invention 
also relates to the integration of search methods for content 
based retrieval, model-based retrieval, text-based retrieval, 
and metadata search, and the use of graphical user interfaces 
alloWing the user to form queries fusing these search meth 
ods. 

BACKGROUND OF THE INVENTION 

[0002] The groWing amounts and importance of digital 
video data are driving the need for more complex techniques 
and systems for video and multimedia indexing. Some 
recent techniques include extracting rich audio-visual fea 
ture descriptors, classifying multimedia content and detect 
ing concepts using statistical models, extracting and index 
ing speech information, and so forth. While progress 
continues to be made on these directions to develop more 
effective and ef?cient techniques, the challenge remains to 
integrate this information together to effectively ansWer user 
queries of multimedia repositories. 

[0003] There are a number of approaches for multimedia 
database access, Which include search methods based on the 
above extracted information, as Well as techniques for 
broWsing, clustering, visualiZation, and so forth. Each 
approach provides an important capability. For example, 
content-based retrieval (CBR) alloWs searching and match 
ing based on perceptual similarity of video content. On the 
other hand, model-based retrieval (MBR) alloWs searching 
based automatically extracted labels and detection results. 
For example, M. Naphade, et al., “Modeling semantic con 
cepts to support query by keyWords in video,”IEEE Proc. 
Int. Conf. Image Processing (ICIP), September 2002, 
teaches a system for modeling semantic concepts in video to 
alloW searching based on automatically generated labels. 
NeW hybrid approaches, such as model vectors alloW simi 
larity searching based on semantic models. For example, J. 
R. Smith, et al., in “Multimedia semantic indexing using 
model vectors,” in IEEE Intl. Conf on Multimedia and Expo 
(ICME), 2003, teaches a method for indexing multimedia 
documents using model vectors that describe the detection 
of concepts across a semantic lexicon. Text-based retrieval 
(TBR) applies to textual forms of information related to the 
video, Which includes transcripts, embedded text, speech, 
metadata, and so on. Furthermore, video retrieval using 
speech techniques can leverage important information that 
often cannot be extracted or detected in the visual aspects of 
the video. 

[0004] A typical video database system provides a number 
of facilities for searching based on feature descriptors, 
models, concept detectors, clusters, speech transcript, asso 
ciated text, and so on. These techniques are broadly classi 
?ed into three basic search functions: content-based retrieval 
(CBR), model-based retrieval (MBR), and text-based 
retrieval (TBR), Which Will noW be discussed. 
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[0005] Content-based retrieval (CBR): Content-based 
retrieval (CBR) is an important technique for indexing video 
content. While CBR is not a robust surrogate for indexing 
based on semantics of image content (scenes, objects, 
events, and so forth), CBR has an important role in search 
ing. For one, CBR compliments traditional querying by 
alloWing “looks like” searches, Which can be useful for 
pruning or re-ordering result sets based on visual appear 
ance. Since CBR requires example images or video clips, 
CBR be only typically be used to initiate the query When the 
user provides the example(s), or Within an interactive query 
in Which the user selects from the retrieved results to search 
the database again, CBR produces a ranked, scored results 
list in Which the similarity is based on distance in feature 
space. 

[0006] Model-based retrieval (MBR): Model-based 
retrieval (MBR) alloWs the user to retrieve matches based on 
the concept labels produced by statistical models, concept 
detectors, or other types of classi?ers. Since both supervised 
and unsupervised techniques are used, MBR applies for 
labels assigned from a lexicon With some con?dence as Well 
as clusters in Which the labels do not necessarily have a 
speci?c meaning. In MBR, the user enters the query by 
typing label text, or the user selects from an inverted list of 
label terms. Since a con?dence score is associated With each 
automatically assigned label, MBR ranks the matches using 
a distance D derived from con?dence C using D=1—C. MBR 
applies equally Well in manual and interactive searches, 
since it can be used to initiate query, or can be applied at 
intermediate stage to fuse With prior search results. 

[0007] Text-based retrieval (TBR): Text-based retrieval 
(TBR) applies to various forms of textual data associated 
With video, Which includes speech recognition results, tran 
script, closed captions, extracted embedded text, and meta 
data. In some cases, TBR is scored and results are ranked. 
For example, similarity of Words is often used to alloW fuZZy 
matching. In other cases, crisp matching of search text With 
indexed text, the matches are retrieved but not scored and 
ranked. As in the case for MBR, TBR applies equally Well 
in manual and interactive searches. 

[0008] Given these varied multimedia database search 
approaches, there is a great need to develop a solution for 
integrating these methods of data sources given their com 
plimentary nature to bring the maximum resources to bear 
on satisfying a user’s information need from a video data 
base. 

SUMMARY OF THE INVENTION 

[0009] In accordance With at least one presently preferred 
embodiment of the present invention, there are broadly 
contemplated systems and methods for querying multimedia 
databases by fusing uni-modal searches using combination 
methods in conjunction With score normaliZation and aggre 
gation functions. 

[0010] In one embodiment, there is provided an integra 
tion of search methods for content-based retrieval, model 
based retrieval, text-based retrieval, and metadata search, 
and the use of graphical user interfaces alloWing the user to 
form queries that fuse these search methods. 

[0011] In another embodiment, there is provided the use of 
search fusion methods in applications of information dis 
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covery and data mining, personaliZing and summarizing 
content, content classi?cation, and querying of an informa 
tion repository. 

[0012] In summary, one aspect of the invention provides 
an apparatus for constructing a multi-modal query, the 
apparatus comprising: 

[0013] an arrangement for forming a plurality of 
uni-modal searches; 

[0014] an input interface for permitting the selection 
of at least one fusion method to be used in combining 
the results of said uni-modal searches; and 

[0015] an arrangement for combining results of said 
uni-modal searches. 

[0016] Afurther aspect of the invention provides a method 
of constructing a multi-modal query, the method comprising 
the steps of: 

[0017] forming a plurality of uni-modal searches; 

[0018] selecting at least one fusion method to be used 
in combining the results of said uni-modal searches; 
and 

[0019] combining results of said uni-modal searches. 

[0020] Furthermore, an additional aspect of the invention 
provides a program storage device readable by machine, 
tangibly embodying a program of instructions executable by 
the machine to perform method steps for constructing a 
multi-modal query, the method comprising the steps of: 

[0021] forming a plurality of uni-modal searches; 

[0022] selecting at least one fusion method to be used 
in combining the results of said uni-modal searches; 
and 

[0023] combining results of said uni-modal searches. 

[0024] For a better understanding of the present invention, 
together With other and further features and advantages 
thereof, reference is made to the folloWing description, taken 
in conjunction With the accompanying draWings, and the 
scope of the invention Will be pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 shoWs a multimedia information retrieval 
system in Which the query processor uses search fusion 
method. 

[0026] FIG. 2 shoWs the process of executing a uni-modal 
search on a multimedia repository. 

[0027] FIG. 3 shoWs the process of forming multiple 
searches in manual or interactive fashion. 

[0028] 
[0029] FIG. 5 shoWs tWo examples of fusing three sets of 
search results, Which includes normaliZation. One example 
shoWs intersection as combination method With sum as the 
aggregation function. The other example shoWs union as the 
combination method With min as the aggregation function. 

[0030] FIG. 6 shoWs the execution of search fusion query 
by parallel search and normaliZation operations. 

FIG. 4 shoWs the fusion of multiple search results. 
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[0031] FIG. 7 shoWs the execution of search fusion query 
by serial operations of searching, normaliZing, and fusing. 

[0032] FIG. 8 shoWs an example video search engine that 
provides user interface for constructing a search fusion 
query involving a selection of normaliZation functions, 
combination methods, and aggregation functions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] FIG. 1 depicts one embodiment of a multimedia 
information retrieval system. As depicted, a user through a 
user interface (100) issues a query in step (105) to a 
multimedia information retrieval system. The query is 
handled by a query processor (101). The query processor 
searches in step (106) the set of stored index values (104) to 
?nd matches to the user’s query. In the case of search fusion, 
the query processor may carry out a plurality of searches of 
stored index values and possibly use different search meth 
ods, such as content-based retrieval, model-based retrieval, 
text-based retrieval, etc. Furthermore, the query processing 
may additionally involve scoring of the results of these 
searches and combining the results using combination 
method, such as union, intersection, cross-product or join. 
The query processing may additional involve normaliZing 
the scores of the results of individual searches and aggre 
gating the scores using an aggregation function, such as 
minimum, average, product, etc. Once the multiple indi 
vidual results are combined and rescored, a ?nal set of 
matches are passed to a retrieval engine in step (107) and 
matching multimedia documents are retrieved in step (108) 
from the multimedia repository (103). The corresponding 
multimedia documents are determined on the basis of the 
association (110) of the ids or keys in the results lists With 
speci?c multimedia documents in the repository. The mul 
timedia documents are then in step (109) returned to the user 
and displayed in the user interface (100). 

[0034] FIG. 2 shoWs a process for executing a uni-modal 
search on a repository. The user (200) issues a search (201) 
to the multimedia search system (209). The search may be 
in the form of content-based, model-based, text-based search 
or other type of query. The search interface may optionally 
alloW the user to author a search command or select from a 

menu. Alternatively, the search interface may optionally 
display multimedia documents to the user and alloW the user 
to select Which multimedia documents are relevant for the 
search. The system Would then use index values associated 
With the document for forming the search. Alternatively, the 
search may be in the form of examples of multimedia 
documents provided by the user, in Which case the multi 
media documents can be analyZed and processed to create 
the searches. 

[0035] Once the search is issued, it is matched in step 
(202) to the stored values in the index (206). The matching 
may involve similarity searching, nearest neighbor search 
ing, or range querying. The matching process (202) pro 
duces a match list (203), Which is then optionally scored in 
step (204). The match scoring may be determined on the 
basis of metric space computations. For example, consider 
ing a single search vector for content-based retrieval, the 
match scoring may be based on proximity measured in the 
multidimensional model vector space using a distance func 
tion, such as Euclidean distance or Manhattan distance. The 
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scored match list is then optionally ranked in step (205), for 
example, to move the best matches to the top of the list. The 
ranked list is then optionally truncated in step (206), for 
example, to keep only the best matches. The results (207) are 
then provided back to the user. 

[0036] FIG. 3 shoWs the process of forming a search 
fusion query by specifying multiple searches in manual or 
interactive fashion. The user’s query starts With an initial 
search in step (300), Which may involve content-based 
retrieval (CBR), model-based retrieval (MBR), text-based 
retrieval (TBR), or other kind of search, such as metadata 
search, database query, XML search. The search itself can be 
executed in the fashion shoWn in FIG. 2. This produces 
results, Which are then optionally vieWed in step (302). The 
user or system may then optionally select one of the items 
from the results list in step (303) and issue a neW search in 
step (304), for example, a content-based retrieval (CBR) to 
the system. Alternatively, the user or system may issue a neW 
search in step (301). The search then produces results Which 
can be fused With previous one in step (306), Where the 
results of the previous search are optionally normaliZed in 
step (305) prior to entering the fusion step (306). The fusion 
step (306) may optionally involve different combination 
methods, such as union, intersection, etc., and aggregation 
functions, such as min, max, average, etc., that rescoring the 
fused output results based on the scores of the input search 
results. The output of this fusion from step (306) can then be 
optionally vieWed in step (302) and again be used as input 
for further selection, normalization, or fusion With other 
searches. 

[0037] Overall, the search fusion method shoWn in FIG. 3 
provides a Way for normaliZing, combining and re-scoring 
results lists using aggregation functions through successive 
operations. Normalization in step (305) is important for 
fusion since individual searches may use different scoring 
mechanisms for retrieving and ranking matches from (205). 
On the other hand, the combination methods determine hoW 
multiple results lists are combined from the set point of 
vieW. The aggregation functions determine hoW the scores 
from multiple results lists are aggregated to re-score the 
combined results. 

[0038] The normaliZation methods that can be applied in 
step (305) provide a user With controls to manipulate the 
scores of a results list. Given a score Dk(n) for each item 
With id n in results set k, the normaliZation methods produce 
the score Di+1(n)=FZ(Di(n)) for each item n as folloWs: 

[0039] Invert: Re-ranks the results list from bottom to 
top. Provides “not” semantics. This can be useful for 
searches such as “retrieve matches that are not 
cityscapes.”Di+1(n)=1—Di(n). 

[0040] StudentiZe: NormaliZes the scores around the 
mean and standard deviation. This can be useful 
before combining results lists. 

i 

[0041] Where {'32i gives the mean and oi the standard 
deviation, respectively, over the scores Di(n) for results list 
i. 
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[0042] Range normaliZe: NormaliZes the scores 
Within the range 0 . . . 1. 

D; (n) — min(Dz ("D 

[0043] The combination methods that can be applied in 
step (306) determine Which members are kept from the input 
results lists. Consider results list Rk for query k and results 
list QI for current user-issued search, then the combination 
function Ri+1=Fc(Ri, Qr) combines the results lists by per 
forming set operations on list membership. Some examples 
include the folloWing combination methods: 

[0044] 
in both results lists. R 

Intersection: retains only those items present 
=RiQQI. 

[0045] Union: retains items present in either results 
list. R- =RiUQI. 

[0046] The aggregation functions that can be applied 
instep (306) determine hoW the combined results are scored. 
Consider scored results list Rk for query k, Where Dk(n) 
gives the score of item With id=n and Q d(n) the scored result 
for each item n in the current user-issued search, then the 
aggregation function re-scores the items using the function 
Di+1(n)=Fa(Di(n), Qd(n)). Some examples include the fol 
loWing aggregation functions: 

[0047] Average: takes the average of scores of prior 
results list and current user-search. Provides “and” 
semantics. This can be useful for searches such as 
“retrieve items that are indoors and contain faces.” 

[0048] Minimum: retains loWest score from prior 
results list and current user-issued search. Provides 
“or” semantics. This can be useful in searches such 
as “retrieve items that are outdoors or have music.” 

D.+1(I1)=H1in(Di(n), Qd(n))~ 
[0049] Maximum: retains highest score from prior 

results list and current user-issued search. Di+1(n)= 

[0050] Sum: takes the sum of scores of prior results 
list and current user-search. Provides “and” seman 

tics. Di+1(n)=Di(n)+Qd(n). 
[0051] Product: takes the product of scores of prior 

results list and current user-search. Provides “and” 
semantics and better favors those matches that have 
loW scores compared to “average”. Di+1(n)=Di(n)>< 
Qd(n)' 

[0052] A: retains scores from prior results list. This 
can be useful in conjunction With “intersection” to 
prune a results list, as in searches such as “retrieve 
matches of beach scenes but retain only those shoW 
ing faces.” Di+1(n)=Di(n). 

[0053] B: retains scores from current user-issued 
search. This can be useful in searches similar to those 
above but exchanges the Arguments. Di+1(n)=Qd(n). 
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[0054] The search fusion can be applied in manual or 
interactive fashion by considering Whether a viewing step 
(302) is provided. In manual querying, the user may state the 
query or sequence of search fusion steps at the outset and not 
alter the searches, normaliZation or fusion operations once 
the query has started. For example, consider user looking for 
items shoWing a beach scene. For manual operation the user 
can issue a query With the folloWing sequence of searches, 
Which corresponds to the folloWing query statement 
((((beach color) AND (sky model)) AND Water model) OR 
(beach text)). The query may be input initially by the user in 
the form of a text string, such as the one above, and the 
system translates the query text string into a sequence of 
operations involving searches over multiple modalities, for 
example, content, models, and text, and fusion of the results 
as folloWs: 

[0055] Search for images With color similar to 
example query images of beach scenes, 

[0056] Combine results With model=“sky” using 
“average” aggregation function, 

[0057] Combine With model=“Water” using “prod 
uct” aggregation function, 

[0058] Combine With text=“beach” using “mini 
mum” aggregation function. 

[0059] Alternatively, the search fusion can be applied 
interactively, in Which the user can alter the searches, 
normaliZation or fusion operations depending on the interim 
results. For example, the user can issue the folloWing 
sequence of searches in Which the user vieWs the results at 
each stage, Which corresponds to the folloWing query state 
ment: ((beach text) AND (beach color) AND (sky model) 
AND (Water model)): 

[0060] Search for text=“beach”, 

[0061] Select results that best depict beach scenes. 
Search based similar color. Combine With previous 
results using “product” aggregation function, 

[0062] Combine With model=“sky” using “average” 
aggregation function, 

[0063] Combine With model=“Water” using “prod 
uct” aggregation function. 

[0064] FIG. 4 shoWs an example of fusion of multiple 
search results. In this example a query is input Which 
produces searches 1-4 (steps 400-403). Each of these pro 
duces a results list (404-407). These results lists are then 
optionally normaliZed and then fused in step (406) to 
produce a single results list output (step 409). 

[0065] FIG. 5 shoWs tWo examples of fusing three sets of 
search results (500-502). This includes a normaliZation step 
(503-505) for each results list (500-502) in Which the scores 
are normaliZed to be Within the range of 0 to 1 to produce 
normaliZed results lists (506-508). The results are then fused 
using tWo different methods. The ?rst example shoWs fusion 
in step (509) using intersection as combination method With 
sum as the aggregation function to produce results list (511). 
The second example shoWs fusion in step (510) using union 
as the combination method With min as the aggregation 
function to produce results list (512). 
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[0066] FIG. 6 shoWs the execution of search fusion query 
by parallel search and normaliZation operations. In the case 
of manual operation, the query (600) can be executed 
through parallel operations, in Which a plurality of searches 
(step 601) are conducted, the results are optionally normal 
iZed (step 602) and then fused (step 603). 

[0067] FIG. 7 shoWs the execution of search fusion query 
by serial operations of searching, normaliZing, and fusing. In 
the case of interactive operation, the query (700) can be 
executed through a cascade of sequential operations in 
Which searches are conducted (steps 701, 702), the outputs 
are normaliZed and fused and then used again as input for 
further normaliZation and fusion With the results of a sub 
sequent search (step 703). This cascade operation can con 
tinue by fusing prior results With neW search results until 
?nal results list is achieved (step 704). 

[0068] FIG. 8 shoWs an example video search engine 
apparatus that provides a graphical user interface for con 
structing a search fusion query over multiple modalities 
(content, models, text, etc.) by forming multiple uni-modal 
search and selecting fusion methods, for example, normal 
iZation functions (802), combination methods (800), and 
aggregation functions (801), for fusing search results. The 
user operates this system in interactive fashion to conduct 
search fusion queries by issuing an initial search, for 
example, content-based retrieval, model-based retrieval, 
text-based retrieval, etc. The results are then display to the 
user in the form of thumbnail images, Which are scored and 
ranked. The user can then optionally apply a normaliZation 
function (802), for example, to range normaliZe scores, 
invert scores, studentiZe scores, etc. The user can then set a 
combination method (800), for example, union or intersec 
tion, and an aggregation function (801), for example, aver 
age, minimum, maximum, sum, product, etc. Once the 
fusion is set, then the user conducts a subsequent search, 
again using content-based retrieval, model-based retrieval, 
text-based retrieval, etc. The results of the search are then 
fused With the results of the prior search using the selected 
combination method (800) and aggregation function (801). 

[0069] Each of the content-based searches may also 
involve a multi-example search alloWs the user to provide or 
select multiple examples from a results list and issue a query 
that is executed as a sequence of independent searches using 
each of the selected items. The user can also select a 
descriptor for matching and an aggregation function for 
combining and re-scoring the results from the multiple 
searches. Consider for each search k of K independent 
searches the scored result Sk(n) for each item n, then the ?nal 
scored result Q d(n) for each item With id=n is obtained using 
a choice of the folloWing fusion functions: 

[0070] Average: Provides “and” semantics. This can 
be useful in searches such as “retrieve matches 
similar to item “A” and “B”. 

l 
QM) - E; (Sm) 

[0071] Minimum: Provides “or” semantics. This can 
be useful in searches such as “retrieve items that are 

similar to item “A” or item “B”. Qd(n)=mink(Sk(n)). 
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[0072] Maximum: Qd(n)=maxk(Sk(n)). 
[0073] Sum: Provides “and” semantics. Qd(n)= 

2k(5k(n)) 
[0074] Product: Provides “and” semantics and better 

favors those items that have loW scoring matches 
compared to “average”. Qd(n)=IIk(Sk(n)). 

[0075] The search engine can be used, for example, for 
forming search fusion queries that fuse search results for 
content-based retrieval (CBR) and model-based retrieval 
(MBR) as folloWs: 

[0076] Select example images or content and issue an 
initial CBR search; 

[0077] Select a model and issue MBR search; 

[0078] Select fusion methods and fuse CBR and 
MBR results lists. 

[0079] For example, the folloWing sequence of operations 
Was executed for query of video clips of “Garden scenes”: 

[0080] Select example image of “garden scene” and 
perform CBR search using color correlograms; 

[0081] Issue MBR using “Landscape” model and 
fuse With CBR result using “intersection” combining 
method and “product” aggregation function. 

[0082] The query can be enhanced by considering inter 
active querying using CBR and MBR to examine Whether 
search performance increases With interactivity. Consider 
the expanded search for gardens, Which uses the initial 
search steps above, then an additional interactive step is 
applied as folloWs: 

[0083] Select top 10 example results from manual 
search; 

[0084] Perform multi-example CBR using color cor 
relograms and combine With manual search results 
using “intersection” combining method and “aver 
age” aggregation function. 

[0085] As shoWn in this video search engine example, the 
search fusion method and apparatus can be used to query 
video or multimedia repository. Furthermore, the search 
query can be used to ?nd and retrieve particular video clips 
or multimedia objects based on the query. Furthermore, the 
results can be classi?ed or clustered based on the degree of 
match to the query or rank in the results list. The search 
fusion method can also be used to personaliZe or summariZe 
multimedia content, for example, by ?nding the particular 
video segments that match a query and Weighting the 
segments according to degree of match. This Weighting can 
then be used to adaptively rescale, truncate, or sample the 
video clips to produce a summary. The search fusion query 
can also be used for purposes of information mining and 
knoWledge discovery given the association and ranking of 
objects in response to search fusion queries, Which can aid 
in discovering correlations and other relationships among 
those objects. 

[0086] The multi-modal search fusion method addresses 
the problem in Which a user With an information need is 
faced With the task of trying to formulate queries over 
multiple disparate data sources in order to retrieve the 
desired matches. The multi-modal search fusion approach 
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alloWs the user to manually or interactively build a query by 
sequentially choosing among the descriptors and data 
sources and by selecting from various combining and score 
aggregation functions to fuse results of individual searches. 
For example, this alloWs building of queries such as 
“retrieve video clips that have color of beach scenes, the 
detection of sky, and detection of Water.” The interactive 
search fusion method alloWs users to build queries of 
multimedia databases using multiple individual search tools. 
For example, consider a simple case in Which the user Wants 
video clips of ‘Thomas Jefferson’ and issues the query 
“retrieve video clips that look like given example clip of 
‘Thomas Jefferson’ and have detection of ‘face”’ This query 
involves both CBR (“looks like”) and MBR (“face detec 
tion”). In practice CBR is not suf?cient for retrieving 
matches based on semantics. HoWever, the addition of the 
MBR search When combined With the CBR can improve 
retrieval effectiveness. In other cases, the user can build the 
query interactively based on the intermediate results of the 
searches. For example, consider user Wanting to retrieve 
“scenes shoWing gardens”. The user can issue a MBR search 
for “scenes classi?ed as landscape.” Then, the user can 
select some of the best examples of scenes of “gardens” 
issue a second CBR search for similar scenes and fuse With 
the result of the “landscape” model. The search fusion 
method supports this type of query problem by providing 
controls for fusing multiple searches, Which involves select 
ing from normaliZation and combination methods and aggre 
gation functions. This alloWs the user the greatest ?exibility 
and poWer for composing and expressing complex queries of 
video databases. 

[0087] It is to be understood that the present invention, in 
accordance With at least one presently preferred embodi 
ment, includes an arrangement for an arrangement for form 
ing a plurality of uni-modal searches and an arrangement for 
combining results of uni-modal searches. Together, these 
elements may be implemented on at least one general 
purpose computer running suitable softWare programs. 
These may also be implemented on at least one Integrated 
Circuit or part of at least one Integrated Circuit. Thus, it is 
to be understood that the invention may be implemented in 
hardWare, softWare, or a combination of both. 

[0088] If not otherWise stated herein, it is to be assumed 
that all patents, patent applications, patent publications and 
other publications (including Web-based publications) men 
tioned and cited herein are hereby fully incorporated by 
reference herein as if set forth in their entirety herein. 

[0089] Although illustrative embodiments of the present 
invention have been described herein With reference to the 
accompanying draWings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various other changes and modi?cations may be 
affected therein by one skilled in the art Without departing 
from the scope or spirit of the invention. 

What is claimed is: 

1. An apparatus for constructing a multi-modal query, said 
apparatus comprising: 

an arrangement for forming a plurality of uni-modal 
searches; 
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an input interface for permitting the selection of at least 
one fusion method to be used in combining the results 
of said uni-modal searches; and 

an arrangement for combining results of said uni-modal 
searches. 

2. The apparatus according to claim 1, Wherein said 
selection is accomplished through the use of a graphical user 
interface. 

3. The apparatus according to claim 2, Wherein the query 
is constructed as a teXt string. 

4. The apparatus according to claim 3, Wherein a user 
constructs said query by interactively and sequentially form 
ing said searches While vieWing intermediate results. 

5. The apparatus according to claim 1, Wherein said fusion 
method involves normaliZation of scores of at least one of 
said search results. 

6. The apparatus according to claim 1, Wherein said fusion 
method involves aggregation of scores of at least one of said 
search results. 

7. The apparatus according to claim 1, Wherein said 
plurality of uni-modal searches includes at least one uni 
modal search selected from the group consisting of content 
based retrieval, model-based retrieval, teXt-based retrieval, 
metadata search, structured database search, relational data 
base search, or XML data search. 

8. A method of constructing a multi-modal query, said 
method comprising the steps of: 
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forming a plurality of uni-modal searches; 

selecting at least one fusion method to be used in com 
bining the results of said uni-modal searches; and 

combining results of said uni-modal searches. 
9. The method according to claim 8, Wherein said step of 

selecting is accomplished through the use of a graphical user 
interface. 

10. The method according to claim 9, Wherein the query 
is constructed as a teXt string. 

11. The apparatus according to claim 10, Wherein a user 
constructs said query by interactively and sequentially form 
ing said searches While vieWing intermediate results. 

12. The method according to claim 8, Wherein said fusion 
method involves normaliZation of scores of at least one of 
said search results. 

13. A program storage device readable by machine, tan 
gibly embodying a program of instructions eXecutable by the 
machine to perform method steps for constructing a multi 
modal query, said method comprising the steps of: 

forming a plurality of uni-modal searches; 

selecting at least one fusion method to be used in com 
bining the results of said uni-modal searches; and 

combining results of said uni-modal searches. 

* * * * * 


